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1. Introduction 
GFRP rebars are easily deteriorated by concrete alkalinity. Particularly the long-term durability of 
GFRP rebar is still questioned. The absorption of moisture softens a polymer resin and decreases the glass 
transition temperature resulting in enhancing creep deformations (Hamidah et al. 2001). Moreover, the 
tensile and shear strength of the GFRP reinforcement is significantly decreased by the simulated or 
accelerated alkaline environment (Won and Park 2006; Benmokrane et al. 2002). Moreover, the 
degradation of GFRP rebars by alkali attack and water uptake affects not only the durability of reinforced 
concrete structure with itself but also the bond with concrete, resulting in a decrease in bond strength and 
stiffness (Bank et al. 1998). 
Moon et al.(2008) developed a new type of GFRP rebar with ribs which contains milled E-glass fibers 
and epoxy resin. The durability of the newly developed GFRP rebars was examined in the previous 
research, and from the test results, the weakening of interface between the E-glass fibers and epoxy resin 
could be occurred due to the diffusion of alkaline solution. Therefore, in order to complete the 
development of the GFRP rebar, the parameters, such as fiber type and mix ratio, on the durability of the 
GFRP rebar should be investigated.  
The AR glass fibers were developed to have a better alkali resistance and, therefore, were adopted to 
improve the durability of the newly developed GFRP rebar in this study. This study reported the 
experimental observations on the durability of GFRP rebars with different milled glass fiber types and 
different mix ratios of the milled fibers. The interlaminar shear stress (ISS) tests and moist absorption 
tests of the GFRP rebars were conducted and the residual shear strength and weight changes were 
measured and compared with each other. 
2. Experimental program 
2.1. GFRP rebar used 
The core section of all GFRP rebars used was fabricated by general pultrusion process with E-glass 
fibers and epoxy resin. The surface deformations which resemble that of steel rebar were fabricated by 
press molding process with milled glass fibers and epoxy resin as shown in Figure 1. They were grouped 
into 3 types of specimens with different types of milled glass fiber (such as normal E-glass and AR glass) 
and mix ratio of milled fibers and resin by weight (fibers 50%: resin 50% and fibers 20%: resin80%) in 
the ribs as listed in Table 1. The mix ratio of 50% and 20% of the milled glass fibers were proved to be 
the maximum and minimum percentages within the practically workable range by experimental 
manufacturing (Moon et al. 2009). 
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Figure 1: Schematic of the used GFRP rebar. 
Table 1: The tested GFRP specimens 
Name of specimens Glass fiber type in the ribs Mix ratio by weight 
AR5 Milled AR glass fibers 
Milled glass fibers  50% 
Epoxy resin       50% 
E5 Milled E-glass fibers 
Milled glass fibers  50% 
Epoxy resin       50% 
E2 Milled E-glass fibers 
Milled glass fibers  20% 
Epoxy resin       80% 
2.2. Exposure conditions 
Two types of exposure conditions were used for aging the specimens as listed in Table 2. The first 
conditioning is the immersion in distilled water at 40qC for times up to 60 days and the other conditioning 
is the immersion in CaOH2(pH 12.3) solution at 40qC for 60 days. The control specimens were exposed to 
atmosphere condition for 60 days.  
Table 2: Exposure conditions for tests 
Name of specimens Solutions Temperature Duration 
Num. of 
specimens 
AR5 
CaOH2 (pH 12.3) 
40qC 60 days 
10 
Distilled water(pH 7.0) 10 
E5
CaOH2 (pH 12.3) 40qC 60 days 
10 
Distilled water(pH 7.0) 10 
E2
CaOH2 (pH 12.3) 40qC 60 days 10 
Distilled water(pH 7.0) 10 
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2.3. Water absorption tests 
The 5 cm long pieces of each type of GFRP rebar were prepared and the edges of each specimen were 
sealed with epoxy resin to prevent liquid diffusion during the conditioning. Before immersion, the weight 
of five specimens was measured and averaged for initial weight ( iW ) in equation (1). The specimens 
were thoroughly immerged in each solution for 60 days and they were taken out from solutions. After the 
water on the surface of the specimens was immediately wiped away, the specimens were weighed to 
obtain tW  in equation (1). 
t
it
W
WW
W
 %  (1) 
2.4. ISS tests 
The shear strength tests are usually used for examining the environmental influences on the 
mechanical properties of GFRP rebars by other researchers (Won and Park 2006; Al-dulanijan 1996). 
This is due to the fact that the moisture and alkalinity conditioning of a resin cause the adhesion between 
the fiber and the resin to weaken, resulting in reduction of shear strength in their experimental research. 
The conditioned specimens were allowed to dry at room temperature for one day and then tested 
according to ASTM4475 standard to investigate the change in transverse mechanical properties of the 
specimens. The shear strength of the specimens was determined in accordance with equation (2). 
2849.0
bd
P
S  (2) 
3. Test results 
3.1. Absorption by percentage of weight changes 
The test results are shown in Figure 2 and Figure 3. While the weight changes of all specimens 
decreased in alkali solution, they increased in distilled water.  
In case of immersion in distilled water, the increase in weight was due to water permeation into the 
voids and holes of the rebar. The absorbed water in the rebar caused plasticization and hydrolysis of the 
resin, resulting in the deterioration of the GFRP rebar (Nishizaki and Meiarashi 2002). The weight gains 
increased in specimens AR2, E2 and E5. It should be noted that the weight gain of E5 was higher than 
that of E2 and AR2. This can be explained that E5 could have more voids and holes than E2 and AR2 
because the viscosity of the mixture with more milled glass fibers is higher than that of the mixture with 
less milled glass fibers according to the previous viscosity test results (Moon et al. 2008). The effect of 
fiber type mixed in ribs on weight change can be found in the comparison of AR2 and E2. About 3% of 
more weight gain was seen in E2. But this lower weight gain of AR2 could not be explained by the only 
difference in fiber type in ribs, because the AR glass is developed to have better alkali resistance as 
mentioned before. Viscosity tests of the mixture of epoxy and AR glass are required to clarify the effect of 
the fiber type in the ribs on the eater absorption of the GFRP rebar.  
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